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I 
THE LIBRATION OF BQUINOXES 
In the Suryya Siddhanta and other Hindu Astronomi- 


noxes in which it is stated that the first point of Aries 
moves along the Ecliptie twenty-seven degrees on each 
side of the Nirayana Vindu, the fixed initial p Phat 
is, in a certain number of years it goes twenty seven 
degrees away from the Initial point, then returns-to it, 
again goes twenty-seven degrees the other side and comes 
back to the Initial point in a certain number of years, 
‘The following extract from Brennand’s Hindu Astro- 
mv “nomy will show the univérsal acceptance of the theory of 
wl bration of Equinoxes and the Solstices by the 
Hindu astronomers. “This was a doctrine of « Libration 
of the Equinoctial and Solstitial points. Colebrooke in his 
_ essuy.on the equinoxes, has given the views of ber of 
on penises subject; by some the motion is considered 
itire revolution, through the whole of the 
; by others, and those the most numerous it 
libration, between certain limits on each side of a 
rah Saas two statomonts it aay be 


arta the Suryyas 
i "tha: Sabai 
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ud then 27 degrees on the other 
side of that point. This supposed motion of the whole 
of the constellatio y have led Bentley to assume that 
the ancient astronomers had two systems of Lunar Aster 
isms ‘The theory of a libration, as expressed in 
various astronomical works, has been shown by Cole- 
brooke to enerally prevalent from very on 
times, It was also « doctrine maintained by Aryabhatta 
and Parasara, and by most of the Hindu astronomers of 
later )). But this theory has been refu- 
ted by European astronomers! as will be seen 
from the following quotation from Lokmanya Bb. G, 
‘Pilak’s Orion, page “The hypothesi now given 
up by modern astronomers ax mathematically incorrect ; 
but no reason has yet been assigned why it found place 
in the Hindu astronomy. A theory may be erroneous 
but even ronvous theory cannot become prevalent 
without a good cause, It has heon suggested by Bentley 
and approved by Prof, Whitney, that the limits of the 
libration might have been determined by the fact that the 
earliest recorded Hindu year had been made to begin when 
the sun entered the asterism of Krittika or 26° 40° in 
front of Revati, But this alone is not enough to suggest 
the theory of libration. For, unless the Hindu astrono- 
mer had grounds to him conclusive and otherwise inex 
plicable-—for holding that the vernal equinox fell 27° on 
carh sido of Revati, he would not have proposed the 
libration of the equinoxes. So far as T know no such 
Paes nate yet beon discovered by modern scholars... 


side of a mean point 
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Now looking at the curve of the Eq 


is infl 
tie and the Eecentri 
Time due to the Obliquity 
city are drawn separately. 
from the time when the Aphel 
point of Aries (which happe: 
let us also assume that the Ecoontri nd the Obliquity 
do not vary during one complete revolution, At this 
time the Equation of Time is zero at the vernal equinoe- 
tin point. As years pass on the aphelion goes ahead 
the first point of Aries at the rate of 62 seconds (5 
for precession and 1L8” for the movement of the apsi 
annually. Now looking at the curves we find that the 
maximum equation of time is +7] minutes due to the 
Eccentricity and this is attained about 90 degrees after 


Obliquity of the Eclip- 
ve for the Equation of 
and that due to the Eecentri- 

Let us start for convenience 
ided with the first 
ed ahont 1000 B. C.)' and 


‘the Perihelion or the Aphelion point (more correctly 


88°50’ after the Perihelion point). ‘The corresponding 
dogroe in the curve for the obliquity at which the equa- 
tion it +7} minutes ix 27 degrees about, on either side of 
the Equinoctial or the Solstitial points. 

‘This may also be seen from the following solution -— 

‘The maximum Eqaation of ‘Time due to Eccentricity 
being 7°68 minutes (1° 55°) and that due to Obliquity 
being 99 minutes (2° 28’), themean Longitude of the 
point at which the Equation of ‘Time is 7-68 min., on the 
en by solving the 


In a spherical right-angled triangle in whieh the 
hypotenuse is L, the mean longitude (26° 30'). the angle 
adjacent is 9, the Obliquity of the ecliptic (23° 27’) 


Hathe warn boing im aphelion Ook the veraal eywinoetial doy about 4000 B.C, 
cesphoally, fret point of Aries nod apbelisa coincided then. 
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and the base is the R. A. (right ascension) to be found, 
we have 
Tan R. A=" 0% ©, (R= radius). 
cot L 
_R eos 23°97" 
~ cot 26°80" 
Tan R. 
Th. A. 
2. Equation of time dae to Obliquity=L—R. A. 


55° (7° 68 min,). 
he mean longitude of the point at which the 
n of time is 768 min. on the curve for the 
Obliquity is 26" 30°, 

So the point noar Aries at which the Equation of Time 
is zero oscillates about 27 degrees on either side of it. P 

‘Thorefore when the Aphelion has advanced (90 plus 
27) or 117 degrees from the first of Aries the longitude 
of the Sun on the day at which the Equation of Time ix 
zero, is 27 degrees. This to ocour, we have to shift the 
curve for the Eccentricity about 120 degrees keeping 
the curve for the Obliquity fixed. When the Aphelion 
will be advancing still further the Equation of Time. will 
bo zoro—on dates earlier until the coincides 
with the first of Aries, at which time the Equation is 
wero at the vernal equinoctial day, AEE Sage 
the Eccentricity curve has to be shifted 60 degrees more. 
Lot the aphelion advance G0 degrees further, ‘The Equa- 
tion is zero again at « point #7 degrees on the otherside of 
the first of Aries after which time it is zero on earlier days 7 
"and the aphelion advancing 120 degrees more coincides 
again with the first of Aries, when the equation is zero. F 


Me Distance in degrees from the Perihelion point. 
STSTENCE 


EQuaTion OF TIME DUE TO ECCENTRICITY. 
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Now assuming the point near Aries at whieh the 

Equation of Time ix zero as the fixed Initial point it will 

be seen very clearly that the first point of Aries moves 27 

dogroos on one side or the other of this Initial point. 

=~ This solution may similarly te extended to the other 
Kquinoctial or the Solstitinl points.’ 

‘The periods of the above oscillations are the fol- 


Towing « 

Int period (120 degrees movement) = [SF = 7200 years, 
and, (60, - )= $=a00 ,, 
ard, (60 ,, « )=f=—s000 , 
ath, 30g » psi =7200 , 


‘Total 21600 years, Double this amount equals 43200 
‘The reawn for the adoption of the period of m 
Yuga ns 432 and so many zeros is now apparent. The 
oxcillatory period of 105 degress is 21000 years (wbout » 
20 86 necording to moderna European Astronomy). There 
fore in a Yuga of 4920009 years there are 200 complete 
royolutions. ‘The period of 21600 years may be divided * 
into three periods of 7200, 7200 and 7200 (3600 plus 3600) 
years, Each of these periods is the 600th part of » Yuga. 


Fi 
~ (11200 to 4000 B.C.) ae (4000 B.C, 10.3200 A.D.) 
—y : —>+ 5 


Is (7200 years) is (7200 years) 
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This is the reason why Ranganath the great astronomer 
nentator of the Surya Siddbanta mentions this revo- 
tion us Bilakehons, possessed of pocntine characteristics. 


their observation assidu- 
to about 3500 B.C. to 
oxes in which ease the 
least 11000 years old, 

Now to find the Ayanamsa, When the BA, of 
the Sun is 120 degrees bis lor ule is about 117 degrees, 
When the distance between the Nirayaua Vindu and 
‘aphelion is 90 degrees, the distance between the first of 
Aries and the N is 27 degrees; this ix the 
Ayanamsa th words the difference between 
the longitude of the sun on the day ov which the equation 
is zero nenrest the ve vernal 
Equinox is the Ayanamsa for a particalar year. ‘Taking 
case of the prosent time the difference between the 
longitude of the sun on the Lith of April and when the 
euth is in aphelion on July 2nd (which is 
about 77 degrees, the Ayanamsa should be 
degrees about, This is the same as the longitude oft the Sun 
‘on the Lith of April at which date the equation is zero. 
We also observe that when the mean time is less than 
the apparent time on the vernal equinoctial day, the first 
point of Aries is to be looked for to the east of the Initial 
point (the point nearest Aries at which equation of time 
is zero). This was the case from about 18000 to 4000 B.C. 
Wher mean time is grester thanthe apparent on’ the 
vernal equinoctial day, the first point of vAsioa ta somes 
the west of the Initial point, as it is at present is 
what verse 11 and 12—Chap. 111, Bonye Siddhanta— 


Hindus ears 
00 BC. 


It is clear, 


really mean, - 
Whis is in brief the explanatio 
as expou by 


ok 


et oad eee a 
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Astronomers, Tho Hindu Nirayona year ix neither 
Siderenl nor ‘Tropical, Tt is a new thing altogether. 
This is an addition to one of the clearest arguments of the 
ry independent origin of Indian Astronomy. 

‘Taking. the first day of the Hindu 
indioate the day -w! the Ep ion of T 
the Vernal Equinox (about April 
that Vernal Equinox cannot happen 

™, inn eyele of about 21600 years. 

If now the study of HL 

. eal events be conducted in th 
tion, Tani confident all anos 
will disappear to the great joy of the astronomers. 

With great diMidence, being a young student of asteo- 
nomy,—1 place these few lines before the mathematicians 
and astronomers—with the hope that they will examine 
the above statements and see if the Li m Theory of 
the Hindus has been correctly solved. 

In conclusion, T acknowledge my gratefulness to 
Asutosh Mittra, Raq, Professor, Vidyasagar College, from 
whom [ got valuable help in understanding difficult 
portions of the Suryya Siddhanta, but for whose help this 
explanation might not have strack my imagination. 


irnyana year to 
is cero nearest 
h now) it is clear 
vliee or later by 


Astronomy and chronologi= 
light of the above oxplann- 
ubsurdities 


valios av 


at 


€ 
Po) © Addendwn (10 poper ow 
‘Burgess in his translation of the Suryya Siddhanta 

SS feamat of tle American Oriental Society, Vol. VI) 
pages 246 to 219, discussed the theory of Libration of 

— Equinoxes expounded hy the ancient Hindu astronomers, 

Jere T yuote 9 few Lines from his remarks : 

Now it is not a little diffleult to suppose that 


oxi of <4 much consequence as this, whieh 
clement into so many astronomical processes 


ibration af Kquinorcs). 
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should 


hidden away thus in a pair of 
p. 246. 

ides those considerations drawn from the 
general history of Ju astronomy, and the position of 
the element of the precession in the Suryya Siddhanta 
we have still to urge the blind and incoherent, ns well as 
unusual form of statement of the phenomenon, as fully 
exposed above........."" p. 247 

“0.04. Bhaskarn’s own commentators.........bold to 
that of a libration, which hns been and is altogether the 
prevailing doctrine throughout India and seems to have 
made its way theuce into the Arabian ard even into the 
early Evropenn astronomy (sce Colebmoke, as above), 
What Bhaskara mentions in. bis 0 Siromani 
(Goladhyayy 17 wnd 18) as 
* Ayana Chalanam’ (movement of the first point of Aries 
or Libra) and the period of revolution is clear from his 
own notes on the ame. ‘This is nothing but the move- 
ment of a fixed equinox with reference to the ap! 
‘The period of a complete revelution of the perihelion or 
the aphelion with reference to a fixed equinox is accord- 
ing to modern astronomy 20986 years (annual movement 
61:0" seconds), is necording to Bhaskara is 21636 
years (annual movement 59-9” seconds). ‘This isthe same 
as the period of one complete libratory movement, 
Now I shall make it clear that the Grecks also adopted 
the same sort of year calculation as the Hindus. Young 
in bis “Manual of Astronomy,” page 144, says, “1. 
(Hipparehus) found that the year of the seasons, 
solstice to solstice, ns determined hy the Gnomon, 


! 
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Hipparchus, Burgess says, “Among the 
iners Hippatchus is regarded as the first who discovered 
the precession of Equinoxes; their rate of motion, 
however, seems not to have heen confidently determined 
by him, although he pronounees it to be at any rate not 
less than 36” yearly.” 

“ ..Ptolemy however was so unfortunat 
ndopt for the true rate Hipparchus’s minimum of 36” 
a yonr p. 219, Now in the explanation of the 
Libration of Equinoxes, f have shown that in about 
7200 years (from B.C. 1000 and onwards) the maximum 
libration of about 27° will be attained (please the last 
diagram in the paper). Now assuming the Sun's daily 
motion to be 1°, we see that in 7200 tropical years and 
97 days, 7200 Nirayana years are completed. ‘Therefore 
one Nirayana year is 3, day or 0 day longer 
(under the present conditions) than the tropical year. 
‘Lherefore the present Nirayana yeor is equal to 
(665-2 1219--" days or 365:24594 days. The differ- 
‘ence between the Sidereal and tropical year being 001417 
day, during this time 50°” seconds of are of the ecliptic 
are passed over. ‘The difference between the Nirayana 
year (for the present) and the Sidereal year being 
0:01042 d., the number of seconds of are passed over 
during this time ix got by simple proportion 

O-OL41T d: O-01042 dz = OL": x” 


‘1048 «30 5 
Sete Sete oF 96:8", 


‘This is the amount of precession determined by 
Hipparehus and Ptolemy. ‘Therefore they certainly 
used this year which began on the day when the 
mean time and Sun dial time were the same nearest the 
Vernal Equinox. ‘This to be true tho longth of the year 

le by Hipparehus and. Ptolemy onght to be about 
15d. or %34 minutes longer than the tropical 


reck astrono- 


as to 
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0 


year! and T find this is to be exactly the ease, “ Professor 
Neweomb who has compiled an instructive table of 
the Equinoxes severally observed by Hipparchus and 
Ptolemy, with their errors deduced from Leverrier’s Solar 
‘Tables, finds palpable evidence that the discrepancies 
hotween the two series were artificially reconciled on the 
ites too long, adopted by Ptolemy 
on trust from p sors, He nevertheless holds 
the process (o have been one that implied no fraudulent 
intentions" —(Eneyelopwndin Britannica, ed. 1910, p. 810, 

Tt fs clear what Hipparehus and Ptolemy 
nent of the first point of Aries (the 
eoliptic indicating the beginning of 
the constoliation Aries) espoct to the point where 
the said year onded, Now E leave it to the judgment 
of the astronomers to pronounce if the remarks “The 
rate of motion seems not to have been confidently deter- 
mined by him (Fipparchus)—or—Ptolomy was 9 anfor- 
tunate as to adopt for the tras rate Hippavohus’s minimam 
of 36" a your...” are justified, ‘The Hindus have still 
rotained this mode of year beginning. 

The theory of the Libration of Equinoxes was 
prevalent also in Arabin for a considerable time, having 
found its way into Arabian and carly European Astronomy 
from Tndia (ide Colebrooke): us such the following: 
at ees 2 ay eee 
+00 tonlece data vetwat ealooe land portbeilow 


Cc 
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lines from Smyth's *Cyele’ will be read with keen 
interest by all. “Thabit (‘Thabit-[bn-korrah) was also 
a clever astronomer and is said to have improved what 
Ferghani prepared : he, however, is principally remarkable 
for having revived the old notion of a variation in the 
position of the cecliptic, as well as in the fixed stgrs, 
which has been called the trepidation: It was his opinion 
founded on some erroneous-observations(?), that the stars 
moved for some time according to the order of the signs; 
Unt they afterwards proceeded in a retrograde dirvotion, 
and returned to their former places, after whieh they 
assumed a direct motion; and that they theo had an 
irregular motion, which was rapid for a certain period, 
then became slower, and at last inseosible. Hon 
that the obliquity of the ecliptic was variable 1 
similar poriods of increase and dec and his opi 
prevailed for a cousiderable tin A gla 
at the figure in page 251, will explain the above statements 
regarding ‘trepidation’ of Libration of Equinoxes, 
‘Therefore now the explanation of the theory of the 
Libration of Equinoxes will be evident to all, 


i DON, MOOKERIER: 


a 


THE LIBRATION OF COLURKS 
CHANGES IN TILE COMMENCEMED 
NURAYAN A YEAR 


<D CONSEQUENT 
POF THE MINDU 


In my last note L endeavoured to interpret in the 
correct way the theory of Libration of Equinoxes univer- 
sally advocated by the Hindu astronomers. The Libration 
theory being accepted the next problem which prasents 
itself, ix, how to. keep the relation between the fixed 
asterisms (Kasis and Nakshatras) and the months of the 
yoar (inseparable with the Hindu astronomers), tui 
changed, when both the first point of Aries and. the point 
nearest it where the Es m of Time ix zero, are not 
fixed with respect to the stars. E'rom the following con- 
siderations it will be seen how this problem had been 
solved in the past «y the Hindu astronomers and how it 
has to be tackled in future. 

‘The point in the Ecliptic nearest the Vernal Equinox 
at which the Equation of Time is zero, marks the starting 
point for the commencement of the Hindu Nirayana. year 
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to account, as will be seen from the following 


roal Equinox and the Equation of 
at 79 degrees Longi- 
in coincident 10500 
yours before that time time Vernal Equinox 
receded LOS00 x 45° . Therefore at Longi- 
tude 223° (70° 7 144) the Equation of Time was zero 
and the Vernal Equinox was also there. On modern dita 
this happened when the Vernal Equinox was happening 
at about .29° Longitude 
Brennand in his Hindu astronomy 1 page 77, says “To 
the theory of the revolution of the colures there was a 
rival doctrine. ‘This was the doctrine of the Libra- 
tion of the Equinoctial and the Solstitial pol These 
are however no rival doctrines, but theories going hand 
in hand with the Hindu astronomers. The period of the 
revolution of colures ix, in round numbers 27000 years 
according to the Hindu astronon (25868 years in 
modern astronomy). Tf now the whole Eeliptic be divited 
into equal portions each with a precessio 
1000 years, We got 27 such portions (each representing 
18° 20'). 'Phis is the oF ne 
twenty-seven Nakshatry cht with Ab 
(alpha Lyrae, Vega) the brightest star in the northern 
hemisphere ovcupying the remarkable situation of the 
Pole Star of the ancient period when the month of 
was the first month of the year. (Abhijit from 
prefix ‘abhi and ‘ji" si to conquer) Abhiji¢ beeame 
the pole star and thus all heavenly 
Vodies began to cirele round Abhijit as if in obvisance. 
When Abhijit wax no longer the pole star, naturally it 
“wena left out of the reckoning. 
table appended herewith has been coi 
to show the probable poriods of the succossiv 


Assuming the V 


(Hind data), 


ructed 
year 


DN. MOOKERJEE 


1 


. ‘(awed soseg "uopoqy) sivet Qoorz—porsad wuowsina q 
suo OOM —woRayT Jo pouod npuyy (oT uoREAe}sHOD) KYyUIS LYSEY JO 99 
1 CSL opnuorT) sapnsoy =vyse]{—eyup Huinoyo) at Mya payanaystOD 8} 


an 


NOYES ON INDIAN ASTRONOMY Is 


beginnings, the names and dates of the months beginning: 
the year for the periods, etc, ete. This is computed 
according to ancient Indian and modern data, starting from 
Agrbayana as the first month of the year, The diffe- 
rence between the two sets of results is not much owing 
to the fnot that the ratios between the two sets of data 
are about the same. 


27000 25868 


125; also 
21000 20086 


=1" 


On looking nt the table for the period beginning with 
the month of Agrahayann we notice that the year began 
when the sun was exactly in the beginning of the asterism 
Mula. ‘The Vernal Equinoctial colure passed through 
Jyestha (Antares) and Abhijit (Lyra),' the star Abhijit 
(Vega) was also the pole stur of the period. ‘The autumnal 
Equinox passed through Rohini (Aldebaran), and six 
months after the first of Agrabayana we have the Orion 
group (Mrigasiras). ‘The solstitial colure passed through 
Parva Phalguni (delta Leonis) and Satabhisaj (4 Aquarius), 
Now the naming of the month ns Margasirsa and the 
significance of “I am Margasirsa of the months and 
Abhijit of the Nakshatras” of the Bhagabata is now 
clear. The origin of the naming of Nakshatra Mula (the 
vot), Jyestha (the first) and of Rohini from «rohay or 


“Ab the commencemant of Me period Abhijtt (Yeas) was aboot # degrees 
es Nhe eaqolncctiat coline Alaat 20 years later ALRIJit wm 
mera Phe be the time toy hich the" Alinraye Balas 
day Millie Gi, sinse tefore che Vishnean (Hyuiooe), 7 
[prvcing in Mle siahagann that wth Vvinarvean {eltun) at the vernal «noe 
the amtnemnal equinon (Oriani, p. 308), 


AMER ave poli, The fiw when Abnije wae of Importance oe found 
( Vesic iterntnre, sid the line wher she haportance of ANIji wae 
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absrohan, ascent or descent of the Sun from the Equator, 
according as the observer is situated to the north or the 
south of it, will now be understood. 

Noxt coming to the period whon the year began with 
the month of K with the peculiar pheno- 
menon that here the ion of Time was xero at the 
Vernal tinoetial point (at about 220°, the Longitude 
of 2a Librae), According to the Hindu data when 
the Vernal Equinox was at 2 the Equation of ‘Time 
was zero exactly at that point and here is the star alpha 
Librae, Bisakha, exactly ly @ 
Librae represents th 
arms of the balan Thus a balancing of the two things 
have occurred in the beginning of this porfod and the 
origin of the naming of the Kshatea Risakha (from 
deisakhe) the two arms of the balimee and that of the 
Rasi Tala (Libra from libration) from fwlene indicating 
t. A similar junction of the 
two phenomena occurred at $2" Long. (modern data), or 
79° Long. (Hindu data), and here is the beginning of the 
Rasi Mithuna (Gemini): and thus the origin of the name 
of the Rasi Mithuna is clear, 

Now when the point at which the Equation of Time is 
zero—nearest the Vernal Equinox will ¢ de with the 
Longitude of the star Revati, a change has to he intro: 
duced. ‘The exact year at which this will happen has to 
he determined by practical nstronomers. In a congress 
of the Indian astronomers it has to be declared that that 
particular year will have two Phalguna months and 
thenceforward the Ist of Chitra will be the first day of 
the succeeding years until another change has to be 


en we me. 


we any objection seeing their h 
“giges tine ce AS 
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At the commencement of the period beginning with 
the month of Baisakha, Vernal Equinox fell at 36 
degrees and the Equation of ‘Time was zero in the asterism 
of Krittika. At this time the Nakehatea Krittika was the 
first of the series -— 

“enw 3 awarfa) mfr: aaa) fame ewan) arfa 
Sa aearfa po afta avery 

But during Varaha Mibira’s time Vernal Equinox 
was happening in Revati and the Equ 
zero, that is, the year began, 
so Varaha Mihir 
atem in place of th 


tion of Time was 
Aswink (alpha Arie 


three years and we shall have to do th 
of the sun, allowing 
the ond of, say. 2000 or 8000 
with the Rasis and Nakshateas i 
Here I have tried only to give n general survey of the 
Hindu system of year beginnings consistent with and 
consequent on the theory of the Libration of Equinoxes 
which should no longer be considered as a mere matter of 
speculation in which the Hindus revelled, but an nstro 
nomical teath which they discovered after a 
obsorvations extending over thousands of years. 


the case 
» interealary solar month at 
ep his relation 


as D. N. MOOKERJEE. 


AND THE SIDEREAL 
HINDU ASTRONOMY, 


IE SO-CALLED SID 
PKIODS OF TEE PL 
ev Vara (Solr year) is met with in all 
cal works, ‘This is translated as the 
the poriod for whiel ven in the Suryya 
er Hindu Astronomical works, Now 
why should the Saara (Solar) yer understood a the 
Sidereal ye ata lox to understand. — Burgos in 
his transintion of the Suryya Siddhanta, page 109,— 
remarks “The Solar Year as already noticed is sidereal 
not tropical ;—The length of the solar year and month is 
subject only to an infinitesimal variation, due to the slow 
motion of 1 minute in 517 years, assumed for the Sun's 
line of apsides;—"" Now the question ix if the Hindu 
Solar Your is sidereal how can the length of it yary at all 
even though it be after hundreds of years; Thave never 
heard of any astronomer saylag that the sidereal year is 
Variable hecause of the movement of the Sun’« line of 
upsides, [0 is to be noted that the sidereal year estimal 
Upon an average sufficiently large, possusses the 


The term Sau 


 seoonds per 
1 this was maa but 


r, the difference being 
of 
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around to the apsis again, or the period of its anomalistic 

revolution. This is almost precisely equal to the period of 

sidereal revolution in the ease of all the planets excepting 

the moon, since thoie apsides are regarded by the Hindus 

+ ay stationary.”"—Bargess’ ‘Translation of 8.8., page 207, 

But the right course should have beon to put it 

that the Hindu Solar Year is anomalistic, and to say, 

that with the Hindu astronomers the difference between 

the siderwal and the anomalistic year is negligible. ‘Then 

it would have been easier for one to find if the motion of 

the Sun’s line of apsides is correct 4x given in th 

Siddhantas, ‘The fact is that the annual motion of the 

upsides should be 11-01" seconds and not 01161" 

seconds. ‘the number of revolutions of the Sun’ apsix 

in a Kalpa is given in the 8.8. (Suryy dhanta) as 

887. ‘This ix certainly the number of revolutions in 432 

X10" years, ‘The number of revolutions ealoulated from 

modern astronomy ix 393. ‘The revolutions in a Kalpa of 
482107 years should be 38700, ‘The annual me 

the line of apsides in modern astro is 11-70" seconds, 

(Godtray as it, T1125") Consequently the anonulistio 

“your is 365 d. Gb. 18m, 18s, (365°25958 mean solar days). 

The Hindu solar year is 865d. Gh. 12m, 366 s, (365-25876 

days), the differenes being only one minute and eleven 

awoonds. This year was certainly not mennt by the Hindu 

astronomers to be used as the year of chronology and 

scivil reckoning. ‘Phat part was left to tie Nirayana year 

to accomplish. Of course it started from an epoch in 

which the Equinox, apsis and the fixed star which indi- 

cated the beginning of the first xodixcal sign, coincided. 

Tt was then obwerved after what interval of time two or all 

of these phenomena coincided. As an example let us 

i e that Vernal Equinox and perihelion coincide after 

eiorsccrn, the Vernal Sgnioce. nol the pmriour 

star cofncide after 27000 years. Therefore after five 
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coineid s of the Equinox and the apsis (5 * 21600 years 
oF 108000 yeurs) or four coincidences of the Equinox and 
the star (Fx 27000 years) or 108009 years, the Equinox, 
apsis and the particular star . ‘The period in 
which mankind in general are interested is the tropical 
year, on which the return of the seasons de But in 
this tropical year no acount is taken of the position of 
the apsi which the—severity or mildnexs of the 
seasons depends, ‘The Hindu Nirayana year is the resule 
tant period of the movement of the Equinox and the apsis 
first article on * Liberation of Equinoxes”) 
he period in which mankind in general are 
ted, Now-n-days perihelion being in January 
July, we short, less 
wd long mild summer, But after ton 
thousand years from now when aphelion will be in January 
and perihelion in June, the extreme summer and winter of 
the southern hemisphere will be transferred tous. ‘There- 
fore the adoption of the Nirayana Year by thet 
is more natural and soientifie than the tropical, 
period of the Sauna Varsa (Solar Yeo anonmalistic) wax 
mentioned ia the Siddhantas ax it would be of much 
help to the astronomers for thei 
Now Tshall pass on to t 
of the planets, Mercury, Venus, Mars, Jupiter and 
Saturn as found in Hindu astronomical works, ‘The 
period of Mars is given in the S.8. as 68009749 
mean solar days, ‘The sidereal period in modern astronomy 
is 6869797 days. The mean aunual movement of the 
apsix of Mars is 15°82 seconds. Therefore the apsis of 
Mars hax advanced 15°52 188 (sideroal period of Mars 
in yents) seconds in one sidereal revolution. On caloula-— 
tion the anomalistic period of Mars comes out to be 
the period of Saturn as given in the S. 8. 
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days: ‘The sidereal period of Saturn in modern astronomy 

is 10750'22 days, # difference not to be easily passed over. 

Now the mean annwal movement of Saturn's apsides is 

19:37 seconds. Therefore the apsis of Saturn has moved 
+ in one sidereal revolution 10°37 x 29-46 (period of Saturn 
in years) seconds or 570°G% seconds, ‘The mean daily 
motion of Saturn being 120° seconds it will take 
(670°6%+ 120-5) or 474 days more for Saturn to reach the 
perihelion. ‘Therefore the anomalistie period of Saturn 
comes out to be 1076306 days, But it is worth while 
noticing that the period as corrected hy the  Bija ix 
1076489 days. Similarly the siderenl period of Meroury 
being $7'9608 days, the anomalistic period is 87-9694 days 
(assuming the mean annual movement of the apsix to he 
5°84 seconds). ‘Che period in the Suryya Siddhanta is 
87:0097 days. The sidereal period of Venus being 224:7008 
days, and the mean annual movement of her apsis being 
2°68 seconds towards the west, one would naturally expect 
the period a given in the Siddhantas to be shorter than 
tho sidereal period (supposing the Hindu periods anoma- 
listic), and strange enough the period in the Suryyn 
Siddhanta is 2246086 days, that corrected by the Fija ix 
224°6990 moun solar days (the anomalistic period caleu- 
lated on modern datn is 224-7005), both shorter than the 
sidereal period, ‘The sidereal period of Jupiter being 
4832'58 days, the anomalistic period should be #33285 
days (assuming the mean annual movement of the apsis 
to be. 665 seconds). ‘The period in the Suryya Siddhanta 
is 4882/32 days. ‘This even after correction by the Mijn 
is 4332-42 days, shorter than the sidereal period. 

‘This shortening of the period of Jupiter and the 
lengthening of that of Saturn are due to this: ©The 
~ yemarkable fact, however, that the mean motion of 

Jupiter was then more rapid and that of Saturn less 
so than if had formerly been, was detected. This 
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anomalous phenomenon, which is now so well known 
to be caused by the mutual perturbations of those 
planets on each other, was a startling difficulty; but 
Cassini investigated the conditions, and boldly conjectured 
that the time would arrive, when those effects would be 
of a contrary nature, His happy prediction has been 
beautifully verified,”"—Smyth’s ‘Cycle,” p. 
Now one may ask, assuming these periods in the Sid- 
dhantas to be anoma what about the period of the 
moon which is exactly sidereal? The answer to this 
is that the position of the full-moon among the well 
known twenty-seven asterisms of the Hindus gives rise 
to the names of the months and this is happening since 
time immemorial, and as such astronomers are bound to 
give prominence to. her sidereal period. ‘Naturally 
enough since the moon is the most conspicuous of the 
nightly luminaries, and her revolutions more rapid and 
far more important than those of the others, the asterisms 
would practically be brought into much more frequent 
tise in connexion with her movements;..."—Burgess : 
franslation of the Suryya Siddhanta, page 352. The 
anomalistic and draconitic (nodieal) periods may be 
easily calculated from the data given in the Siddhantas, 
Here I add a table of the revolutions and movements 
of the apsides and nodes of the Planets according to the 
Suryya Siddhanta and modern data, ‘The revolutions are 
for the period 482x10* years, assuming the values as 
given in Watson’s Theoretical Astronomy and in Smyth's 
Cycle of Celestial Objects to remain constant through ages, 
‘The revolutions according to the Suryya Siddhanta are 
certainly for the same period (482x10° years). The 
a in putting the revolutions of the Planets in 
482 = 10° years is that we can find the movement in a 
century in seconds by simply multiplying by 3. ‘Thus the 
revolution of the Sun’s apsis in 432 10° years being 887, 
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the movement in a century is (3873) or 1161" seconds, 


Hence the annual movement is 11°61" seconds. Tn some 
cases it will be scen that the values are almost the same 
with modern mean valu others certainly errors have 
orept in, Ag at the table will show that the values 
for Mars aud Mercury had been interchanged. From the 
manner of writing the two words Kuja, ga Budha gw or 
Kauja (ax) aud Baudha (47a) in Dovanagri type 
this orror has ere ‘The same error will be observed 
about Mars and Mercury while speaking of the netro- 
gradations of the Planets in verses 54 and 54, chapter IT, 
Suryya Siddhanta. In support of this as to how errors 
have crept in and accumulated, 1 shall quote here wh 
that great genius Bhaskaracharyya said in connecti 
with this very subjeot in his Siddhanta 


romani : 


Sarg met weenie amy See owas annie oN Aq MIN | 
eyed Gye Git: we wendy neem emiea: wirein, wel” giethr oth we wich OF 
ere we windy ween rien Sere oTGe NE: EWE HI | NeT we 
waren ww sft om rm, warem | sou 
Foran wae: A ait: meFe art wfaerite quem sauin: ighe me) 4 mt 
fet weerinm em wy mw) seMTgersenn | suai oe: me oA 
Be meme aren) oe ane mney eet fiom Maw gen) meeTeTHy 
anime ste | writ yam wa: ge Mur: sf) ew efamTST Het, armA et 
MAMiew renew eto wale ing w¥twm ayalk some afen Ae: 
Peetrna dio en fu ew; ctereran are ofa whtW forrest, 
ear erates) syafes sfireeantaia sonia: wine eater weg ind dif Stsfe 
SHR sia, Aer) oe wm awguettnn wins wren fy fe fms ven 
SoU Meet CoN! wR) we Oe auUFH: ut nf enEMRrEEEE mE WORM 
von o) 


N afer eaufnent 
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Now some may doubt that as the revolution is said to” 
completed when the Planet returns to Revati, how 
tia -turse ve sahe ssnomalistic periods? I wish thein 


oe over the original text : 
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~ owhich any circle is divided, and it is left to he determined 
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eq from gay (the sun)! wat fez ( drove tat ae 
ara wat famz n2m, etc, Ranganath), whether it docs 
not mean the peribelion and consequently the anomalistic 
period. ‘Tho secondary meaning is the star Revati with 
which the apsis was coincident in the beginning. 
Similarly * Meshadi’ (first of Aries) or end of Revati came 
to mean the Initial or starting point—the fest point of 
Aries in the caxe of tropical revolution the aphelion point © 
in the case of anomalistic revolution, etc. Fide Suryyu 
Siddhanta verses 48, 57 and 67, Chap, XI, and 
Ranganath’s com) on verse 18.“ Rarey fagae 
eee wife Vaasa, et Moreover the mention 
‘of Revati ‘Tara’ does not. mean that we are to look 
always for a particular star in the heavens just 
as We are not to understand the expression * Dhruva Tara” 
as the two pole stars shining through ages in the heavens, 
but ply" as the poles: "ywaréfentrecfercnedt aw 
aunfaay, cic.” —Ranganath, notes on sloka 73, Chap. XT, 
also verse 43 of the same chapter #érqwaat aa yaart 
weufet) face Qn deuerqea felrart a “in both 
direction from Meru are two pole-stars, fixed in the midst 
of the sky: to those who are situnted in place of no 
latitude, both these have their places in the horizon“ 
Regarding ‘ Bhagana’—erenarfattarg wa vera: —Ranga- 
nath, note on verse 27, Chap. I. ‘These rasis may be 
Sayana, Nivayana, ete.—" grewormfea wa seer 
ufarearantaed: 


agian cat Rauganath, 
Chap. II. 29. 
avhfer | aq wy—Chap. IL. 45, 


“There is nowhere in this work any alluston to, them 
(Hindu names of the signs)/as constellation, or as havi 
any fixed position of their own in the heavens: they are 
simply the names of the successive signs (rasi, bh) in 


TBpeonye tor Coe wera Geet er ge fr ws 


>. 


18 D, N. MOOKERIER 


by the connection, in any case, from what point they shall 
he counted."—Burgess, Translation of the S.S., page 181. 
Still more [ should ask learned mon to think over the 

of Revati from ta-waarat gartfa: serarfa;—Siddhanta 
Kavmudi (motion in very long interval of time): “ garaTa 
waewet fer a sat) fara a arnt. 
arwaeer fret 1 (arat—interval), and the design in the 
naming of the star will be evident to all. 

Here 1 acknowledge my indebtedness to Prof, 
©. V. Raman, M.A. and Prof. N. K. Mazumdar, 
MA,, in kindly me with valuable books necessary 
in completing this paper. 

In conclusion I express my heartfelt gratit=de to 
the Hon'ble Sir Asutosh Mookerji, Kt. C.8.1, for his 
keen interest and never failing encouragement and 
allowing these papers to find a place in the Journal of 
the Department of Letters, Caleutta University 
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